Introduction 27
Microbiological degradation of wood by fungi can cause a rapid change in the structural 28 properties of timber (Jellison et al., 2013) , however traditional techniques for the 29 evaluation of the decay (e.g. mass loss) lack the sensitivity to evaluate the effects of 30 decay in the very first stages of the decay process. 31
The mechanism for the decay of timber via brown rot is through oxidative and 32 enzymatic reactions (Goodell et Zelinka, 2016) . The fungus initiates the production of hydroxyl radicals by secreting 34 hydrogen peroxide and reductants in to the cell wall. The reductants reduce the ferric 35 iron (Fe 3+ ) to ferrous iron (Fe 2+ ) (Goodell et al., 1997; , which then reacts with the 36 hydrogen peroxide to form hydroxyl radicals in the Fenton reaction. The hydroxyl 37 radicals depolymerize hemicelluloses and cellulose, modify lignin and generate 38 sufficient rearrangements in the cell wall to allow the hydrolysing enzymes to diffuse in 39 to the wall and degrade the polysaccharides (Goodell et extensively. This mechanism has also been referred to as chelator-mediated Fenton 43 (CMF) reaction (Arantes and Goodell 2014) . Green et al. (1997) and Cowling (1961) 44 both noted that whilst the reduction in the degree of polymerization is rapid there is low 45 mass loss at this stage of decay. The earliest examples of DMA studies on wood were in the 1960s using torsional 88 pendulum apparatus (Norimoto and Yamada, 1966; Becker and Noack, 1968) . DMA is 89 often used to measure the response of a material to changes at the molecular or 90 microstructural level (often but not always brought on by a change in temperature). In 91 their paper, Birkinshaw et al. (1986) assess the response of 10 timber species to 92 dynamic flexing whilst being subjected to a temperature gradient raising from 10 °C to 93 100 °C at 10 °C h -1 . The species were selected for their variety in densities and in 94 microstructure. It was noted that whilst the absolute values had a large variation the 95 general shape of the shear storage modulus curve and the loss modulus (tan δ) were 96 similar. Much research has been undertaken to determine the response to changes in 97 both temperature and humidity; the effect of the humidity and moisture content of the 98 wood on the glass transition temperature (Tg) and other relaxations of the lignin and 99 hemicelluloses of wood; and the effect on the mechanical properties of the timber (Hillis  100 and During the experiments, the temperature showed an increase of no more than 1.0 °C. 207
The isotherm was maintained for 90 minutes. 208
Samples of 43 mm (±2 mm) length were cut from the samples exposed to the test fungi 209 as described above. The approximate dimension of cross section was 2 mm x 2 mm, 210 however each was measured using a digital calliper (2 d.p.) after drying prior to loading 211 to the DMA, to ensure precise dimensions were used in the calculation of moduli. The 212 sample was aligned in the machine such that the tangential orientation was parallel to 213 the axis of the applied load. The samples were prepared by drying overnight at 50 °C, 214
and their weight recorded prior to test and at the end of the DMA run. The moisture 215 uptake by the samples over the test duration was noted. 216
The TTDMA recorded Storage Modulus (E') and Loss Modulus (E") at intervals of 11 s. 217
The tan δ value was also calculated as the ratio of Loss Modulus to Storage Modulus. To 218 quantify the mechanical changes, complex modulus (E*) was chosen as the analysis 219 criterion, where E* = E' + n E" and n was assumed to be unity. 220 samples, and the majority of decayed samples showed similar behaviour over the 90 244 minute experimental period. The initial value of E' was low, and E' increased relatively 245 rapidly over the first few minutes of the experiment. Thereafter the rate of increase 246 slowed and the value tended towards a plateau value, however continuous small 247 upward change was seen throughout the 90 minute period. The increase in E' was 248 accompanied by a decrease in loss modulus (E"), and a corresponding decrease in the 249 tan δ value. This behaviour has not been previously reported, but isothermal DMA 250 studies of wood are relatively unexplored. It is suggested that the increase in observed 251 stiffness may be related to changes in dimensions which accompany alteration of 252 moisture content, or to testing outside the linear viscoelastic response region (LVR). 253
254
In this study, the moisture content was observed to increase by a small amount during 255 the test period. Values of 1.3 to 3.2% M.C. were determined at the end of the DMA run. 256
This corresponds with gain of moisture from the atmosphere, and would conventionally 257 be related to a decrease in stiffness (Wilson 1932) , rather than the increase observed 258
here. However, moisture content change is likely also to cause small dimensional 259 changes in the cross section of the sample. The change in observed stiffness over time, 260
and any correlation with dimensional change, or effects of moisture sorption within the 261 sample during this period is likely to be complex, and worthy of additional study beyond 262 this present work. Due to the evolution of E' and E" values throughout the test period, data from different 269 time intervals was compared. The average of the initial five data points was calculated as 270 the start value; in addition the value at 60 s was used, and values at 1000 s, and at 3600 271 s within the plateau region were used. It was found that similar trends occurred in the 272 storage modulus and complex modulus data from the start, middle and plateau stages of 273 the experiment, whereas greater variation was seen in the viscoelastic components (loss 274 modulus and tan δ). This may indicate that further experimentation using temperature 275 scan experiments would provide additional information about changes within the 276 amorphous cellulose and hemicellulose regions of the wood cell wall, relating to 277 viscoelastic response of the material. This will be the subject of further study, however 278 within this paper the elastic component (E') will be considered. 279
The storage modulus and complex modulus showed similar trends for the samples 280 tested (Figure 3) . The values for unexposed control samples had an average value of 281
1. 
Conclusion 309
The paper reports the effects of initial on-set decay and the presence of fungal DNA 310 within the timber on the storage modulus of the timber. 
